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Abstract Current information on pancreatic islet sulfonylurea receptors has been obtained with laboratory animal
pancreatic b cells or stable b-cell lines. In the present study, we evaluated the properties of sulfonylurea receptors of
human islets of Langherans, prepared by collagenase digestion and density-gradient purification. The binding charac-
terisitics of labeled glibenclamide to pancreatic islet membrane preparations were analyzed, displacement studies with
several oral hypoglycemic agents were performed, and these latter compounds were tested as for their insulinotropic
action on intact human islets. [3H]glibenclamide saturable binding was shown to be linear at #0.25 mg/ml protein; it
was both temperature and time dependent. Scatchard analysis of the equilibrium binding data at 25°C indicated the
presence of a single class of saturable, high-affinity binding sites with a Kd value of 1.0 6 0.07 nM and a Bmax value of
657 6 48 fmol/mg of proteins. The displacement experiments showed the following rank order of potency of the oral
hypoglycemic agents we tested: glibenclamide 5 glimepiride . tolbutamide . chlorpropamide : metformin. This
binding potency order was parallel with the insulinotropic potency of the evaluated compounds. J. Cell. Biochem.
71:182–188, 1998. r 1998 Wiley-Liss, Inc.
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Sulfonylurea drugs are insulin secretagogues
widely used in the treatment of the non-insulin-
dependent diabetes mellitus (NIDDM) [Grod-
sky et al., 1972; Duckworth et al., 1972; Lebo-
vitz et al., 1977]. The hypoglycemic effect of
these compounds is related to the stimulation
of insulin release from the endocrine pancreas
[Yalow et al., 1960].

At the molecular level, sulfonylureas are pro-
posed to stimulate insulin secretion by binding
to a receptor protein on the plasma membrane
of pancreatic islet b cells [Boyd et al., 1988,
1991; Kaubisch et al., 1982; Geisen et al., 1985;
Schmid-Antomarchi et al., 1987; Gaines et al.,
1988; Panten et al., 1989]. Receptor occupancy
inhibits K1 efflux via a plasma membrane ATP-
regulated K1 channel identified in laboratory
animal islet cells [Sturgess et al., 1985], and
b-cell lines such as RINm5F [Schmid-Antomar-
chi et al., 1987] or HIT T15 [Niki et al., 1989].

This channel participates in the control of insu-
lin release by glucose [Aschroft et al.,1984] via
changes in the intracellular [ATP]/[ADP] ratio.
Subsequent depolarization of the plasma mem-
brane causes opening of voltage-dependent Ca21

channels and the rise in intracellular Ca21 trig-
gers insulin release [Gylfe et al., 1984]. Al-
though this chain of events couples the insulin-
releasing effect of sulfonylureas to their affinity
to the b-cell binding sites, the precise molecular
mechanism of these events remain still un-
known [Yalow et al., 1960]. The fine binding
characteristics of tritiated or iodinated sulfonyl-
ureas (especially glibenclamide and its ana-
logues) have been investigated in rodent islets
and b cells such as RINm5F and HIT T15 cells
[Aguilar-Bryan et al., 1990; Schmid-Antomar-
chi et al., 1987; Panten et al., 1989; Gaines et
al., 1988].

Specific binding of sulfonylurea drugs to iso-
lated tumor b cells and membranes has been
attributed in some cases to high (Kd 5 0.1–1
nM) and low (Kd 5 100–400 nM) affinity bind-
ing sites [Niki et al., 1989, 1990; Schmid-
Antomarchi et al., 1987; French et al., 1990,
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1991; Geisen et al., 1985; Gaines et al., 1988].
These might be due to the presence of at least
two subunits of 140 and 65 kDa, which may
bind different sulfonylureas with different bind-
ing affinity and kinetic parameters, as shown
by photo-affinity labeling studies [Aguilar-
Bryan et al., 1990; Kramer et al., 1995, 1994].

Conversely, a single population of high-affin-
ity sulfonylurea binding sites in membranes
from normal rat islets, insulinoma cells, and
microsomes from mice islets has been previ-
ously reported [Ozanne et al., 1995]. These
latter findings seem more consistent with the
pharmacodynamics of sulfonylureas. Indeed, the
free plasma glibenclamide levels effective on
insulin secretion and the in vitro drug concen-
trations required for half maximal stimulation
of insulin release from rodent pancreatic islets
[Panten et al., 1989] and insulin-secreting cell
lines [Aguilar-Bryan et al., 1990; Schmid-
Antomarchi et al., 1987] (both in the low nano-
molar range) point to the high-affinity binding
site as the only functional receptor, the occu-
pancy of which ultimately leads to insulin secre-
tion. Surprisingly, so far no information is avail-
able on the characteristics of sulfonylurea
receptors on human pancreatic islet cells. There-
fore, we considered it of interest to study the
binding characteristics of labeled glibencla-
mide to pancreatic islet cell membrane prepara-
tions, and to perform displacement studies with
several oral hypoglycemic agents. In addition,
the insulinotropic action of these latter com-
pounds was tested on the intact human islets.

MATERIALS AND METHODS
Preparation of the Islets

The procedures for the preparation of the
islets were based on collagenase digestion and
density-gradient purification, as previously de-
scribed [Marchetti et al., 1994, 1995; Giusti et
al., 1997]. In this study, we used islets from the
pancreases of six human cadaver donors, three
males and three female, aged 24–45 years. All
the protocols had been approved by our local
Ethics Committee.

Membrane Preparation

Membranes were prepared from human is-
lets of Langerhans by modification of the method
of Gaines et al. [1988]. Briefly, after washing
twice with phosphate-buffered saline (PBS), pH
7.4, cells were suspended in 10 ml of 5 mM Tris

buffer (pH 8.0 with HCl) supplemented with
protease inhibitor (phenylmethanesulfonylfluo-
ride [PMSF], 1 mM; soybean trypsin inhibitor,
20 µg/ml; benzamidine, 160 µg/ml; bacitracin,
200 µg/ml), and then homogenized with an
Ultra-Turrax.

The homogenate was centrifuged at 48,000g
for 15 min at 4°C and the supernatant was
discarded. This washing step was repeated
twice. The pellets from the second centrifuga-
tion were resuspended in 50 mM Mops (pH 7.4
with NaOH), 0.1 mM CaCl2, rehomogenized,
and centrifuged at 48,000g for 15 min at 4°C.

The resulting pellet was resuspended at con-
centration of 0.1–0.2 mg of protein/ml in buffer
containing 50 mM Mops (pH 7.4 with NaOH),
0.1 mM CaCl2 and used for binding assay. Mem-
brane proteins concentrations were determined
according to the method of Lowry et al. [1951],
using bovine serum albumin (BSA) as the stan-
dard.

Binding Studies

[3H]Glibenclamide specific binding was deter-
mined by equilibrium binding assay. Radioli-
gand binding assay was carried out by incubat-
ing [3H]glibenclamide (0.4 nM) for 60 min at
25°C with human islet membranes (50–60 µg of
proteins) in 1 ml of 50 mM Mops, pH 7.4 , 0.1
mM CaCl2 buffer.

Incubation was stopped by addiction of ice-
cold buffer and membrane-bound radioligand
was collected onto Whatman GF/C glass fiber
filters by vacuum filtration. The radioactivity
trapped on the filters was counted using an
1600 TR scintillation counter. Nonspecific bind-
ing was determined in the presence of 1 µM
glibenclamide.

Saturation analysis were carried out using
increasing [3H]glibenclamide concentrations
(0.1–26 nM). In order to study the association
kinetics, the binding reactions were started by
the addition of [3H]glibenclamide ligand (0.4
nM) and stopped after the indicated periods by
rapid filtration.

Displacement studies were performed using
the following oral hypoglycemic compounds:
glimepiride, glibenclamide, tolbutamide, chlor-
propamide (all of the sulfonylurea class) and
metformin (a biguanide agent). Stock solution
of unlabelled drugs were prepared in DMSO
and diluted with assay buffer so that the final
solvent concentration had no effects on the
binding.
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Insulin Secretion Studies

These studies were performed according to
the procedures usually employed in our labora-
tory [Marchetti et al., 1994, 1995; Giusti et al.,
1997]. Within 8–10 days from the isolation (dur-
ing which the cells had been kept at 37°C in
M199 culture medium containing 5.5 mM glu-
cose), groups of approximately 10 islets of com-
parable size (100–150 µm in diameter) were
preincubated at 37°C for 45 min, in Krebs–
Ringer–bicarbonate solution (KRBS), supple-
mented with 3.3 mM glucose and 0.5% BSA.
The islets were then washed and incubated at
37°C for 45 min in KRBS, containing 3.3 mM
glucose plus 10 µM of either glibenclamide (a
gift from Laboratori Guidotti, Pisa, Italy),
glimepiride (a gift from Hoechst-Marion-Rous-
sel), tolbutamide, chlorpropamide (both pur-
chased from Sigma Chemical Co., Milan, Italy),
or metformin (a gift from Laboratory Guidotti).
Tolbutamide, chlorpropamide, and metformin
were also tested at 200 µM concentration. Insu-
lin levels at the end of the incubation periods
were measured by a commercially available
insulin IRMA kit (Medgenix, Brussels, Bel-
gium).

Analysis of Results

Statistical analysis and curve-fitting were car-
ried out on an IBM-compatible personal com-

puter, using the nonlinear multipurpose curve-
fitting program KINETICS, EBDA, and LIGAND

[McPherson, 1985], from which the values of
Kob, the dissociation constant (Kd) and the maxi-
mum number of receptor sites (Bmax) were
generated. Accordingly, a partial F test (P ,

0.01) was used to determine whether the bind-
ing data were best fitted by a one or two-site
model. IC50 values were derived by semilog
plots of data from ligand displacement experi-
ments. The Cheng–Prusoff equation was used
to calculate Ki values [Cheng–Prusoff et al.,
1973]. Values represent the means 6SEM de-
rived from (n) experiments conducted in tripli-
cate. Comparison of insulin secretion data be-
tween the varying groups was made by analysis
of variance (ANOVA) and the Bonferroni test.

RESULTS

Figure 1 shows a typical appearance of iso-
lated human islets, demonstrating the purity
and morphological integrity of our islet prepara-
tions.

When membrane preparations from the puri-
fied islets were incubated in the presence of
increasing concentrations of [3H]glibenclamide,
a saturable and high-affinity specific binding
was detected that was protein, time, and tem-
perature dependent.

Fig. 1. Light photomicrograph of isolated human pancreatic islets.
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Protein dependence was studied by incubat-
ing various amounts of crude human islet mem-
branes with 0.4 nM [3H]Glibenclamide for 60
min at 25°C. The extent of binding was propor-
tional to the protein concentration of 15–250
µg/tube (Fig. 2). For all subsequent experi-
ments with crude membrane preparations, a
protein concentration in the linear range (50
µg/tube) was used.

The [3H]glibenclamide binding was rapid,
reached a maximum after 60 min of incubation
at 25°C and remained stable for at least 120
min (Fig. 3). The exponential slopes of the
pseudo-first-order kinetics, Kobs, calculated ac-
cording to the McPherson program (1985) was
0.085 min21. A 60-min incubation time was
selected for equilibrium studies of the interac-
tion between the radioligand and the binding
sites.

The study of temperature dependence of spe-
cific [3H]glibenclamide binding demonstrated
that the bound fraction decreased at 0°C or
37°C versus the values obtained at 25°C (Fig. 4).

Scatchard analysis of [3H]Glibenclamide satu-
ration curve showed the presence of a single
population of high-affinity binding sites with a
dissociation constant (Kd) of 1 6 0.07 nM and a
maximum number of binding sites (Bmax) of
657 6 48 fmol/mg of proteins. Scatchard plots of
the binding data were linear, consistent with
the interpretation that an homogeneous popula-
tion of binding sites was present in islet prepa-
rations (P , 0.01) (Fig. 5).

To test the structural requirements for
[3H]glibenclamide receptor binding, we exam-
ined the ability of several sulfonylurea com-
pounds and of the biguanide derivative metfor-
min, to inhibit the [3H]glibenclamide binding to
islet membranes.

Competition experiments results were showed
in Table 1. The tritiated ligand was effectively
displaced by low concentrations of both gliben-

Fig. 2. Protein dependence of [3H]glibenclamide binding to
membranes. Various concentration of human islets membranes
(15–250 µg/tube) were incubated with 0.3 nM [3H]glibencl-
amide in the presence or absence of 1 µM unlabeled glibencla-
mide at 25°C for 60 min. Data points indicate mean 6SEM of
results of three experiments performed in triplicate.

Fig. 3. Kinetics of [3H]glibenclamide (0.4 nM) binding to
human islets membranes (50 µg/tube) with association curve
representative of a single experiment. Inset: First-order plots of
[3H]glibenclamide binding. Beq, amount of [3H]glibenclamide
bound to equilibrium; B, amount of [3H]glibenclamide bound
to each time. Computer analysis demonstrated that association
data fit a one-component model significantly better than a two
component model (P . 0.05). Association rate constant (Kobs)
was 0.085 min21.

Fig. 4. Temperature dependence of [3H]glibenclamide bind-
ing (0.4 nM) to membranes prepared from human islets. Assay
was carrried out for 60 min at indicated temperature as de-
scribed under Materials and Methods. Data points indicate mean
6SEM of results of three experiments performed in triplicate.
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clamide and glimepiride. Both ligands showed
a similar rank order of potency with a Ki value
of 1.0 6 0.08 and 1.60 6 0.12 nM, respectively.
Tolbutamide and clorpropamide gave an affin-
ity constant of 9 6 0.6 µM and 44.56 6 3.56 µM,
respectively. [3H]glibenclamide binding to islet
membranes was not dispaced by 10 µM metfor-
min.

Insulin release from the isolated islets at 3.3
mM glucose was significantly potentiated by
the addition of 10 µM of either glibenclamide or
glimepiride (Table 2). Tolbutamide and chlor-
propamide had a potentiating effect when only
used at 200 µM concentration. Metformin did
not cause any significant change in insulin re-

lease at the glucose concentration used in this
study.

DISCUSSION

The present report describes the characteris-
tics of the sulfonylurea receptors from purified
human pancreatic islet membranes for the first
time. Sulfonylureas close an ATP-sensitive K1

channel in the plasma membrane of the pancre-
atic b cells, thus allowing the occurrence of the
chain of events leading to the insulin release
[Yalow et al., 1960]. The initial event is the
binding of the sulfonylureas to specific and satu-
rable sites. These sites have been evidenced by
autoradiography of tissue sections exposed to
3H- or 125 I-labelled sulfonylureas [Aguilar-
Bryan et al., 1990; Kramer et al., 1995, 1994] or
by radioligand binding assays on laboratory
animal derived preparations and cell lines [Agu-
ilar-Bryan et al., 1990; Schmid-Antomarchi et
al., 1987; Panten et al., 1989; Gaines et al.,
1988].

[3H]glibenclamide binding has been described
also in cardiac [Miller et al., 1991; Gopalakris-
han et al., 1991], smooth muscle cells [Zini et
al., 1991; Kovacs et al., 1991] and in brain
microsomes [Robertson et al., 1990]. A Kd value
of 0.05–10 nM has been reported. Low-affinity
[3H]glibenclamide binding sites (Kd value of
100–400 nM) have also been described in b-cell
tumor membranes and in other central and
peripheral animal tissues, although the high-
affinity binding site has been considered as the
functional receptor [Martz et al., 1989; French
et al., 1990].

Fig. 5. Saturation curve of [3H]glibenclamide to human islets
membranes (s). Membranes were incubated for 60 min with
eight concentrations of radioligand within a range of 0.1–26
nM. Details of binding procedure are described under Materials
and Methods. Curve is representative of a single experiment.
Inset: Scatchard plot of the saturation curve of [3H]glibenclamide-
specific binding to human membranes (d).

TABLE I. Specificity of [3H]Glibenclamide
Binding in Human Islet Membrane

Preparationsa

Compound Ki (nM) 6 SEM

Glibenclamide 1.20 6 0.08
Glimepiride 1.60 6 0.11
Tolbutamide 9,000 6 620
Chlorpropamide 44,560 6 617
Metformin nd

aFive to eight concentration of displacers were examined.
Each point is the mean 6 SEM of four determinations.
Average estimated Ki (inhibition constant) were calculated
from IC50 (concentration inhibition 50%) values using the
Cheng-Prusoff equation (1973).

TABLE II. Insulin Secretion from Human
Islets at 3.3 mM Glucose (3.3 G) and Varying

Antidiabetic Compounds

Secretagogue(s)
3.3 G n

Insulin release
(µU/ml)*

Alone 9 5.3 6 0.6
110 µM glibenclamide 12 13.5 6 1.1**
110 µM glimepiride 10 11.7 6 0.8**
110 µM tolbutamide 8 5.9 6 0.5
110 µM chlorpropamide 6 5.7 6 0.4
110 µM metformin 9 5.2 6 0.4
1200 µM tolubtamide 9 12.1 6 1.2**
1200 µM chlorpropamide 6 10.2 6 0.9**
1200 µM metformin 10 5.8 6 0.5

*P , 0.01 by ANOVA and **P , 0.02 vs. 3.3 G alone by the
Bonferroni test.
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We have now shown the presence of a single
high-affinity [3H]glibenclamide binding sites
population in human islet membranes.

The binding was saturable, reversible, and
protein concentration dependent. The affinity
constant value that we found with human pan-
creatic islets (1 6 0.07 nM) was comparable to
that reported with rat islets in the pancreatic
b-cell lines RIN 5 mF and HIT T15 (0.3–1.1
nM). We also observed that with human islets,
the Bmax value (maximum density of [3H]glib-
enclamide binding sites) was 657 6 48 fmol/mg
of proteins. Again, this value was within the
range of those reported for b-cell tumor lines
and rat islets membranes (546–1,000 fmol/mg
of proteins).

Kinetics experiments showed that [3H]glib-
enclamide binding to human islets was fast and
reached equilibrium after 60 min. The monopha-
sic nature of the time course of [3H]glibencl-
amide binding pointed to the occurence of a
bimolecular reaction involving only one type of
binding centre. The exponential slope of the
first-order kinetics, Kobs, were 0.085 min21. Con-
versely, with tumor b-cell lines a biphasic shape
of the binding time course is consistently ob-
served, suggesting the presence of either heter-
ogeneous sulfonylurea binding sites or cooperat-
ivity between two (or more) similar binding
sites in this particular experimental model.

We also assessed the specificity of the sulfo-
nylurea receptors by comparing the ability of
several unlabelled antidiabetic agents to dis-
place [3H]glibenclamide binding. There is gen-
eral agreement that Ki values of sulfonylureas
correlate well with their ability to close the b
cell K-ATP channels and to stimulate insulin
secretion [Boyd et al., 1988, 1991; Kaubisch et
al., 1982; Geisen et al., 1985; Schmid-Antomar-
chi et al., 1987; Gaines et al., 1988; Panten et
al., 1989]. This has been now demonstrated for
the first time with human islets. We showed a
rank order of binding potency for the tested
compounds that was glibenclamide 5 glimep-
iride . tolbutamide . chlorpropamide : met-
formin.

It is not surprising that these results were
parallel with the insulinotropic potencies of the
agents. Indeed, at 3.3 mM glucose, glibencla-
mide and glimepiride caused a potentiation of
insulin release when used in the low micromo-
lar range, whereas tolbutamide and chlorprop-
amide potentiated insulin secretion at higher

concentration. On the other hand, metformin
exerts its antidiabetic action by acting mainly
at extrapancreatic sites.
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